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Sheet and pla te  metal fonn an essential and i n t e r n  part of major 
structural  ccaponents aud assemblies in space vehicle s-es. Use 
of unsound meterial could seriously Jeopardite flights because of 
unreliable strength aasunptlms. 
acute, or actually betgins to exist, as a mult of vorking the mate- 
rial. Therefore, methods for detecting and locating surface defeats 
are required i n  the preasaa&ly phases of stage fabrication. 

LBck of soundness becanes mre 

Methods presently used include fluorescent dye penetrant, v i s u a l  In- 
spectian, and others of lesser papularity. All of these methods are 
t h e  consuming and are q u i t e  subject t o  human error. huthex, the 
dye penetrant w h o a ,  although campaFatively accurate, adds a cleen- 
up problem I n  the rerpoval of the dyc; this is especially d i f f icu l t  
In 8maU cracks and becanes c r i t i ca l  where "lox" clesnliness is in- 
VOlVe8. 

Ultrasonic methods of inspection have become fairly camon in recent 
years. Work has been done at MSFC which demonstrates the accuracy 
and the re l ldb i l i ty  of weld inspection by ultrasonic methads, 
also &enronstrates un iqu~  capebillties not possible by other means. 
Generally, these techniques w e  a shear wave approach. An angle beam 
shear wave method has the characterist ic of probing through the mte- 
rial of E pla te  in a zlg-ecrg path along the plate, a l ternately reflec- 
t ing  from i t s  two sides. Thus, both sides may be scam& in one oper- 
ation. 
the rmsterial surface acting ~ p 1  one face, and the crack 88 the other 
face of the corner reflector. 
be Inspected by this ndhod. However, the aperation of t h i s  method 
lpay be eerlously collrpllcated by Irregular 6eOmetFy of the apposdte 
side, or  by attachments ma& t o  the apposite side. 
c u e s  that the use of a surface wave method has a distinct advantage. 

A shallow crack at me side would fonn a corner reflector;  

Both flat p la te  and codamred pla te  mBy 

It i8 In such 

uhllke wave propseprtton ae deacribed above, surface waves pene- 
t r a t e  only t o  a very limited depth into the material, urd t ravel  
along the  contour of the lnafelrlal until lntcrrqpted by a sharp change 
i n  surface direction. A natW edge of the materlal or a very a b l l c w  
discontinuity in the  msrterial vould present mch a ahanne, in direction. 

surtace wave p&tion rvquires a na;teriU t h i c b e s s  of at least one 
wavelength of the eurface wave. 
surface waves; instead, the thinner material would cause Lamb waves 
to be generated. PFapse;stion of surPace waves l e  oily slightly atten- 
uated i n  aluntlnum having BllLooth faces. Theee charactdetics malts the 
w e  of a surface vave method especially suitable for the inspection of 
large areas of a single surface of e i ther  flat or gently i on toured 

Thlriner esartdal w i l l  not s q p o r t  

0 alurpimrm plate. + 
I 
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I11 SCOPE w WORK 

2bis is t o  consist  0,” a stady t o  detemine the feasioility of us- 
an u l t m a n i c  suface-varve inspection system f o r  satuni s t m c t u r a l  
components. This s t Jdy  s h o J d  include ail investigation t o  determine 
all commerzidljr availablz tltra,;mis surface-wavs e q ~ l i ~ i i t  w n i c n  could 
be appliczd& tJ t L i 5  tsk. 

If the surface-waJe inspection tecfmique is found t o  be feasible f o r  
lse e.s descrijed asme, inves t iwte  the f e a s i b i l i t y  of designing an 

autoanatad scanniw s j r s t m  f o r  parts generally of formed panels 
approximately 16 f a e t  square in t n e  tnickness range 0.Wl to 1 inch 
and contoured t o  a~proximately a 33 foot spherical  diameter; and 
specif ical ly ,  parts i n  the size arid shape of the Saturn S-1C-T gore 
segments (EPC D r a w i n g  5-6OI3l.2102). t 

Ihe  results of both studies w i l l  be combined i n t o  one f inal  report 
and submitted t o  mFC. lhis report shall include findings, conclusions, 
and recanrmendations rased on the studies. Zhe =port shall a l so  
include drawings and sketches illustrating a sample systen: based 
on data from the studies. 
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n r  DETAILED WORK PROGRAM 

Step 1 - Application Feasibility: 

=.e contact, -le ber%: slirface ‘ulc?ve :ie?xch u n i t s  vi11 be 
u;<d tg determ3ne theii* applicabili ty t o  t h e  de t ec t im  of the 
required s J L - ~ R C ~  discontiriuities. Frzquencies of 1.0, 2-25, 
and 5.0 Mc vi11 be used on raw and worked metal at; Saturn 
fabricssion sites. 

Step 2 - Reference Standards: 

Refefence p b t e e  of rsterials t o  be sarface wave inspected i n  
the 2atlx-n zssexbly w i l l  be s e l a c t d  from triiineu :raterial a t  
the fabrication sites during Step 1. :;quare edge notches of 
four iiii’flerent depths wiii ie raaciiiid iiik L k s e  j&=+ee 
t o  pr3vid.e reproducible, a r t i f i c i a l  sueace mve reflectors.  
Deaths or  the notches w i l l  be adjusted to silinllnte 
signal mplitude8 found i n  Step 1 at t h e  apprbpriatc test 
f p p e n c y .  

Step 3 - Study of Javes Generated by the V a r u l l e  Angle Wheel 
Search Unit: 

Thme standard side an@ var ia t le  angle ultrasonic wheels will 
be nodifieii to provide the t e s t  frequencies of 1.0, 2.25, and 
5 WC and optimized f o r  the production of surface waves. Ditstance 
aaplitude c m e s  w i l l  be taken on the surface wave reference 
plates prodxed i n  Step 2, to simulate surface defects a t  differ- 
e n t  test distances. 

D u r i n g  the application f eas ib i l i t y  study (Step l), it may be 
found that them are inacces6ibl.e suzfaces opposite the test 
sarface which cannot be madily inspected by surface wave tech- 
niques- 
study angle beam shear waves generate& by the variable angle 
wheel search u n i t s  a t  1.0, 2.25, and 5 Mc test frequencies to 
determine optimum beam angles for this inspection. Amplitude 
distance curves w i l l  be made. 

IT it is desirable to inspect these surfaces, we w i l l  

Step 3.A. - Alternate Study of Randomly Oriented Surface Defects: 

It is believed that during Step 1 we w i l l  find the defects orien- 
ted i n  one o r  possibly two directions. lbis condition w i l l  permit 
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detection, location, and measurememt of there ref lector8 by one 
or two inspecting passes w i t h  the variable angle wheel aearch 
u n i t .  However, Ff defects of random orientat ion wt be found, 
nurnemue scam of the material w o u l d  be required t o  provide 
complete coverergh with the established surface wave beam. 

In order t o  avoid multiple scans et di f fe ren t  beam orientations, 
we will k v e l o p  a special  ultrasonic wheel which will radiate 
surface waves i n  sll directions Irm its cantact position on 
the aluminmi. %is 360' surface wave generator be accom- 
plish& by using a circular crystal with a conical reflector 
o r  refractor. %e conical angle would defWaw* the beam to the 
appropriate incident angle t o  pmduce surfeoa wave6 while the 
cone would spread the beam over three h@n&ed sixty degrees. 

A scanning system ilsing this w h e e l  m3&-- be gated t o  inspect a 
ring of surface around the wheel as it travels across the sur- 
face. For example, gatiw f- 4 to 8 inches from the wheel 
'ematasline might provide inspection of an 8 inch 1.D. 16 in@ 
3.D. 'e= Parallel scans at 4 inch increments would be re- 
quzred ( for  this example) to pravide complete inspection fo r  
nmdomly oyiented surface defects. 

Step 4 - D i s t a n c e  Amplitude Comction, Gating, and Recording: 

The DAC module w i l l  be used t o  determine the width of the test 
s w a t h  whih caa be taken r cross the material with one pass of 
t he  ultrasonic wheel. 
equalize signal  amplitudes from equal sized reflectors without 
a change w i t h  distance. ?his in  turn permits the use of long 
gating periods with the assurance that minimum triggering re- 
f l ec to r s  will be of equal s i z e  and will not vary with dia- 
tance . 

The DAC module! permits correction to 

Recordings gf the reference plates w i l l  be taken using DAC 
snd the longs gate with a manus;Lly moved Ultrasonic Wheel. 

Step 5 - System -out: 

A surface wave scanning syrtem *out drawing w i l l  be made. Ihe 
shapes of ~ a t u r n % t r u c t u r a l  parts and the orientation of surface 
cracks on these parts w i U  to a large extent determine the cam- 
plexity of the scanning sptem. 
t o  a stage suf f ic ien t ly  advanced t o  perrmit our estimation of tha 
cost  of the final Surface Wave System. 

System design will be carried 
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V WaRK PWFORMED AM) RFSUL'IS OBTAINED 

Step 1 - Application Feasibi l i ty  

Visits w e r e  made t o  Huntsville, Alabama 8nd t o  Wichita, Icansas 
t o  gather information on test variables which mi& af fec t  the 
silrf'ace wave study, and t o  survey typica l  p la te  s p e c i ~ ~ ~ ~ ~  to 
be inspected. 

Seven surface wave test plates were requisitioned. 
specimens in two aluminuzl alloys, i n  several surface finishes,  
and in a variety of thicknesses. 

llhese represent 

\ 

Upon receipt of the f i rs t  of these apecimen plates in Danbury, 
contact t e s t s  using wedge type surface wave search units w e r e  
conducted to  determine the f e a s i b i l i t y  of generating and re- 
ceiving surface waves i n  the material. 
and 5.0 k results indica- that true surface w a v e s  could 
be produced in-4he specimen material and that ef fec t ive  t e s t &  
f o r  surface defects could be accomplished by hand scanning. 

A t  1.0 k, 2.25 Mc, 

lin Uftresonic varlable angle wheel search unit %ram then applied 
t o  the same spechen and was d J u s t e d  t o  generate a surface wave 
a t  2.25 k. Resdts of this teat agreed v i t h  those of the wedge 
type search units .  'Ihe ultrasonic wheel search unit is ideally 
sxi ted t o  automatic scanninE; since it easily adapter to changing 
surface contours, uses a mininun amount of couplant, and w i l l  
perform rapid testing without appreciable wear. 

In consideration of these resu l t s ,  the variable angle wheel 
type aearch unit was selected for fur ther  t e s t a  on the specimen 
material. Additional varia3le angle w h e e l  search unita in 
frequencies of 1.0 Mc a& 5.0 Mc were pm-d and made available 
for the  prodect. 

Step 2 - Reference Standards 

Seven k s t  plates, designated "A" through I%'' were delivered 
to Sperry products Co. i n  Danbury, Corm. for use 86 laboratory 
specimemfor the project. Basic dimensions, camposition and 
surfwe finishes  of these plates are given in Table I. 
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Surface 

A. Asrolled 

TABK I 

SURFACE WAVg 2%ST PLATES 

Special Feature 

Trim& material per 
BBB7-105 

.Ou) in. taper per inch 
frcxa .do0 at one 24 in. 
long ed& to -300 at the 
other edge. 

. O ~ O  in. taper per inch 
frcun .350 at one 24 in. 
long edge to -050 at the 
other edge 

Surface conditions 

Source 

NASA 

Wichita 

NASA 
Huntsville 

Brr\sA 
Huntsville 

NAGA 
Huntsvillat 

\ 

22l9-@7 Aluminum U o y  F l a t  1/4 in. Thick 24 x 30 in. Plates  

E. M I M  Se sanded SurPace condition 
over-aU., 112 
of tlae length 
Alodlne 

NASA 
Huntsv$Ue 

F. Mill, S a d  Ihickna4s variation NASA 
Huntsrviub 

22l9-a-7 Aluminum Alloy Fonned 24 x 30 Section of Core S e w n t  

G. Fina l f in i sh  COIltOUr NASA 
Huntsville 

figure 
NO - 
1 

2 

2 

3 

4 

5 
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Step 3 - Study of Wave8 Generated by the Variable Angle Wheel 
search Unit 

York under this step, using variable angle wheel search 
units divided inio the follcwing three prrte. 

A. Deteminatim of conditions = q u i d  for opthum 
generation of surface wave8 in spechen msterial .  

B. A study of wave types generated in specimen m a t e r i a l  
with special attention given to identification and 
comgarison of surface waves and Zamb waves. 

C. A s t d y  of surface wave propagation in specimen 
materials. 

step 3- A 

3.. SuHace waves, produced by mode conversion f m  the longitu- 
dinal at an agular interface, w i l l  attain maxirmt~ practical 
smplitude when t he  coupling device contacts the work at the 
incident interface and not in f ront  (beam direction) of this 
position. Figure 8 illustrates two techniques of providing 
optimum surface v8ve coupling with the variable angle wheel. 

the wheel (sinulated in our study by deflecting the tire) 
provides equally effective results 88 shown in Figure 9 
2 t o  2 1/4 inch amplitude su-face wave signah can be main- 
tained by controlling the tire contact vldth between 1 snd. 
1 1/4 inchee without eide deflection or between 3/4 and 1 1 2 

inch depend- on tire contact width.  

The three variable angh w h e e l  search units, (1.0 MC, 2.25 MC 
and 5.0 Y E )  were ultixwonically coupled to teat p h t e  "g 
as &own iu Figures 10, ll, and 3 2  and their side angle 
controls were adjurted to maXlnlize the'ainplitude of surface 
wave transraiseion ta, and mflcc t ion  from a s U p p  edge of the 
plate. In each test, ti= s u f a c e  contact width urn varied 
by wing the w h e e l  axie bmard or away f r o m  the plate. 
The amplitude of the received surface-wave e i g n a l  and of 
the relative wheel ax is  position (Post Bei.&t) w e r e  recorded 
and were plotted as functions of tire surface contact width. 

Vnrjha+h= Qf .nnt*c+- TJiGth rnwipg +Ae I.rys+& -5& 

with the c r y s t d  mwed ( s i b  cteflection of tire) 1/32 to I/ I 
J 
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'Ibese plots,  also sham in Figures 10, ll, snd 12 
indicate that the following tolerances in wheel % 

axis to plate surface di.llobe are required for use 
of peak eiepal amplitude a d  a signa3 amplitude tolerance 
of + lo$: - .A*- - .-. -L__- - 

T Inches, Tolls-ce Post Eeiept 1 --I-----. 

Wheel Search Unit 

+ 3.ogo 
+ 0.050 
?: 0.060 
c- . _ _  - 

-A -- - T-1720 1 
2o Surface vave tests w e r e  run at 1.0 lic, 2.25 HC, 

and 500 k using Variable Angle Uheel Search Units 
on l b s t  Plate  "E" to determine angular tolsrances 
reqyLred in a positioning system. 

The method of tests  snd the results obtained are ahown 
in 1rigures1.3 and 14.In each of these tests, the 
F O I W ~ / B L C W ~ ~ ~  control wae set for a 0' angle, the 
side angle w h e e l  cnn+,ml vse r i i  i%s range for 
surface mve generation, and the amplitudes of signals 
reflected from the notch were read. Incident angles 
corresponding to side wheel control setting;s a m  taken 
from the &ra@~ in Figure 7. 

3. Surfaue wave b s t s  were run at 1.0 p(c, 2.25 E, and 5.0 
.Mc using variable nnaf.p wheel search u n i t 8  on test plate 
"g" to determine s i g a a l  anq?litude - reflector mientation 
relationship . 
The method of t e s t s  and the results obtained axe. shown i n  
Figure 15. 
control was set for a 00 angle, the side ang& wheel control 
w a s  aajusted to produce a madmum amplitude surface wave, 
the wheel was turned through angle "A", ernd qplituilles 

In each of these t e s t s ,  the forvard/baclasard 
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a -  

b 

of signals reflected frua the notch w e r e  read. 

Results Indicate that orientations of reflectors at 
a distance of 12" nust be within the followlag 
ranges to mdnfain slgnaJ. aa@.ltudes within the 
tap lo&: 

1 .---- - - *------- 
Angular Tolerance 1 of Reflector Dearees I ;;;9 -1 i k ;  

I_ 

4. Variable Angle Wheel Search Unit Tests were nrh at 
1.0 Mc, 2.25 Mc, and 5.0 Mc to determine the effect 
of search unit cable length on signa3 q l l t u d e a .  

In these tests,  a reflected Signal of 2.0" an@ithde 
was set up using a 6 ft. 4 in.  cable attached t o  the 
"T" jack of the reflectoscope. Cable lengths were 
e e d  and attachments were made to  either the "T" or 
the '*Y jacks. 

Results ere given i n  Figure 16. 

step 3 - Part B 

1. Precision velocity measurements of surface vave pro- 
pagation i n  specimen plates "A" and "G" were made at 
1.0 Mc, 2.25 Mc, and 5.0 Mc by the method i l lustrsted 
i n  Figure 17. 
u n i t s  and a velocity camparstor, style  52~Ol.2 were 
used. RcSdt8 are also given in Figure 17. Inter- 
ferences iraaD other modes vas noticcd in the m u r e -  
ment at 1.0 Mc on the  1/4" thick plate, and for this 
rea8013 the indtcated value bas a wide toleFsnce. 

In these c a t  sngla befun seaFoh 

2. A detailed study was conducted of waves generated i n  
specimen material 'by variable angle wheels at tes t  
frequenoies of 1.0 Jk, 2.25 Mc, and 5.0 Mc. 

Identificatloa of the s w e r s l  type6 of wave6 w t u  lpaae by 
measurement of the incident angles required to produce them 

v 



a -  
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and of their group veloci t ies  along the specimen plates. 
Incident angles corresponding t o  obserred Side \-heel Control 
Sett ings were taken frum the graph i n  Figure 7. %e 
method used in group velocity measurement is i l l u s t r a t ed  
in Figure Id. 

Phase velocit ies we= computed by the method giften in 
Fi6;ure 19. 

Sheax time and l ong ihd iaa l  wave t ransmiss im along zig-zag 
paths i n  plates  of thicker sections w a s  recognized by the 
compliance of an observed velocity to  the theore t ica l  velocity 
parallel t o  the pla te  surface a s  caanputed from the method 
given i n  Figure 

Sur face  wave transmission w a s  recognized by i ts  velocity of 
2.90 x lo5 cm/sec. (1.14 x 16 in./sec.) as given a w e ,  
an inciclent angle of 35' corresponding to  Side Wheel 
Control Set t ing of 19.80 and by the a b i l i t y  to damp 
transmission i n  thicker  plates from one side only by placing 
one's hand along the path of the beam. 

Lanb wave transmission w a s  recognized by phase and group 
veloci t ies  both agreeing w i t h  computed values f o r  test 
frequency - plate thicknesses aa given i n  Figures 21, 52, 
23, and 24. 
of m A b  wave propagation possible, only the f i r s t  modes 
can be genersted i n  very thin plate .  Themfore, this 
n& w a s  used as a reference t o  determine the point at 
which reduction of plate thickless would preclude .t;x~msmi&sion 
of surface waves. 

As shown by these curves, of the many modes 

Results of teats  are given in Figure 25. In t h i o ,  the 
theomt ica l  curves f o r  f i r s t  mode group veloci ty  and 
velocity against plate thickness e reproduced, and observed 
data are p1ott;ed f o r  co3llparison. 
25 shows a good correlation of observed d a t a  to theoret ical  
values. 
=ation can be obtained i n  specimen material not less 
than the following thicknesses: 

Examination of F i g w e  

Arrther examination shows t ha t  surface wave pro- 

0.125~~ at 1.0 Hc 
0.056~~ et 2.25 w 
0 . j 2 5 ~ ~  at 5aO Mc 

A t  thicknesses below these vdues surface waves disappear. 
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step 3 - part c 

1. Surface wave t es t s  w e r e  run at l o o  Mc, 2,25 Mc, 
aid 5.0 Mc using variabkangle wheel search units an 
Plate  "A" t o  determine the ef fec ts  of notch depth 
from the aUrfa.ce, and of n w  "hpth belaw the surface, 
on &ql i tude  of reflected signals. 

For the surface notch tests,  the eearch units were setup 
as shown i n  Figure 26 w i t h  the surface wave beam directed 
tow& a tapered surface notch. Semi t iv i ty  w a s  adjusted 
t o  produce a 2.0 inch signal from the edge of the plate  
w i t h  no natch in the bean. The search units were noved 
pruallel to the tapered notch and ~ p l l t u d e  of signal8 
f r o m  both the notch and the edge of the plate were read. 
Plo ts  of t h e  data obtained are given in Figure 26. 

For the subsurface notch tests, plate "A" w a s  t d  Over 
as sham in Figure 27. 
a 2.0 inch 8-  from the notch at a position where the 
notch cut ent i re ly  through the plate.  
moved paralhl to the notch so that depth distance 
increased, and the amplitudes of signails reflected 
from the notch were read. 

Sensitivity w a s  adjusted to produce 

!Be seaSch units were '?Is' 

Plots of dmta  obtained a.m given in 
Figurrt 27. 

2. 'pests w e n ?  run a t  1.0 Mc, 2.25 k, and 5.9 Mc using variable 
angle wheel search units over plate "A", "B", %", "St", 
and I%'' to determine the e f f ec t  of plate  f in ish  and plate 
naterial on the propagation of surface waves. 

In these tests the search units w e r e  setup t o  direct their 
beams tow& notches of varinrs depths i n  plates having 
notches, and to;rard p k t e  edges 8s shown i n  Figure 27. 
vity was  adjusted t o  produce a 2.4 inch ref lect iqp from the 
edge of p la te  ''A"o 

Si& emplitude/deptb of notch d a t a  for the three frequencies, 
w i t h  plate condition as a parweter, are given i n  Figurns 
28 and 29. im-unifonn sharpbasa of the e-a of the 
seversl plates  contributed largely t o  the spread of v d e s  
at the = .250 inch points. I 

Sensiti- 
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3. S u f a c e  wave tests w e r e  made at 1.0 Mc, 2.25 WC 
and 5.0 Mc using variable angle &eel seerch units 
on the concave side of contoured plate  
a t  point "A" in Figure 6, with the beam directed toward 
point ''a". 

Large and very irregular signals were produced i n  
the screen; certain of which were identified as di rec t  
reflections from abrupt edges formed by the contouring 
of the plate. Others were identified as reverberations 
between such edges. 

"G" as 

1 

As wheel unite w e r e  rolled along line CD, the positions 
of such irre6-r reflections changed rapidly and no 
clear  reference pattern w a s  recognized for inspection 
areas beyone the f i r s t  abrupt break i n  contour. 

similar t e s t s  were nm on contoured p m . " ~ "  w i t h  the 
variable angle wheel search units mted t o  produce 
shear usvee i n  zig-eeg paths through the msterieS alter- 
nately reflecting from the two surfaces. Again, the 
irregular geometry of the specinen caused large and very 
irregular signah t o  be produced on the screen which 
ger-erally w e r z  d i f f i c d t  t=, interpret .  I 

Step -3 -. Alternate Stady of Randomly Oriented Surface Defects 

3 2 s  s k p  ha2 been entered i n  the "Detailed Work Program" 
cU an optional phase and had been quoted as an additional 
cos t  study. 
inclLde this step; and since it w a s  not covered by c o n t d t  
amendment, n3 workwas p e r f o m d  apply- t o  it. 

Ibe contract for  the project did not originally 

Step 4 - Distance Amplitade Correction, Gating, snd Recording 

1. S d a c e  wave tests we= run at l o b  Mc, 2.25 Mc, and 
5.0 Mc using variable angle wheel search uuits on 
tes t  plate I%" t o  determine distance-amplitude characterist ics 
of surface wave transmission, and t o  demonstrate Distance- 
Amplitude-Correction by use of a DAC module. 

The method of t e s t 6  and the resxlts obtained are given 
i n  Figxres 30 and 31. In these, the Fonrard/Backward 
Control was set fo r  8, the Side Wheel Control w a s  set 
for  a peak amplitude surface wave reflection from the 
notch, distance D from centerline of the tire t o  the 
s l o t  w a s  vadied, and with DAC switched OFF the signal 
amplitude8 were reado 
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The DAC module w w  then switched Oh' and waa edJunted 
t o  produce, as closely as pss:ble, a flat response 
with distscce I) again varied. 

i'iesidts show that the DAC module pr0~ide6  amplitude 
correction t o  a tolerance of 2 5Q for surface wave 
signals reflectea fro& a given notch throughout the 
following distance ranges i n  specimen material. 

l_.-_.. .-._* -- __ -l_l---l__ 

Test Fre q le ncy 

2. Tests were ;-sad? mi- a TransiGate 5CE55/ w i t h  the 
Fkflectosc3ge aria Varlabk Angle Wheel Search units 
at 1.0 Hc, 2.25 Mc, and 5.0 Mc, cln specimen pla te  
"E" t o  Cetersirle whether surface wave reflections 
from the notch 0.013'' deep in the distance range 
of 1 t o  25 inches could be gated. 

ResiLts show that such gating can be accomplished 
for each Jf t h e  three Wheel Search Units. A Reflec- 
toC;rm i1lu;trsti.x a t;pi;al screen pattern is 
given i n  P i , p r e  32. In this, the gate is set to 
cav2r tne range af 1 to 25 IncLea ?ram the t ire center- 
l ine .  

f o r  operation of recording end alarm Sy8teUS) whctxaa 
a e  i n i t i a l  pibe ,  and the signal reflected from the end 
Qf t h c  plate fall outside the gate and are excluded from 
recardint; arid z l a r m  system. 

 he reflected s i g d  from tae notch e4 Inches 
a w a y  fa l l s  wi th in  the gate and i s  therefore qplasle 

3 ,  Tape rpcordings were nsdc of surface wave s 1 p a . h  reflected 
froa the 0.013'' s i o t  iu plate 'E' EB the variable angk 
wheel search units were ralled para l l e l  to the s lo t .  In 
travelling t h e  f u l l  12" length of t he  s l o t ,  the surface 
wave beau w a s  sQccessive3.y transmitted across a plain 
milled and sanded surface; aru? a milled, sanded and 
Alodine sur face.  

A typical recording is given in Figure 32. zhis shows 
excellent detection of the notch along its f u l l  length 
w i t h  no appreciable difference i n  signal amplitude 
f o r  the two surface conditions, 

-12- 



For t h i s  test, a Transigate 50E55r. m o d a l e  w a s  plugged 
into the " A u x i l i a r y "  compartment of a Reflectoscope 
UM.508721, and a i3-h Recoder  (Mark 11, Mode1 RD- 
2522-20) w a s  connected t o  Terminal #21-J-103 of the 
Reflectoscope Display Unit. 

4. Tests w e r e  run using the seme Nflectoscope, Recorder 
and Search Unit equipnent 88 i n  above tests t o  determine 
amplitude l inearity of the Recorder output ~ L B  refermki 
t o  the mrl i tude of a single gatdsipal on the Reflectoscope 
screen. Such aystem involves, of course, the Traaeigate 
module. 

To do th i s ,  a Wheel Search Unit w a s  set t o  d i rec t  a 
Surface Wave toward the 0.013" notch i n  plate  "E"; 
the Reflectoscope Sensit ivity w a s  adjusted t o  show 
the reflected signal 2 inches high on the screen; and 
the pen b i a s  and sensi t ivi ty  controls of the recorder 
w e r e  adjusted to  produce a full scale (40 k) pen de- 
f lect ion on the tape. The wheel was then r.m parallel 
t o  the slot uti1 sl ight ly  past the end so that the 
screen signal w a s  successively reduced t o  1.5, 1.0, 
0.5, ana I inches. 

The resulting record as given i n  Figure 32, indicates 
very good amplitude l inear i ty  of the Transigate- 
Recorder eys t e r n .  

t 

Step 2 -:8ystem Layout * 

A surface wave scanning system w a s  designed as shown jb 
sperry D r a w i n g  5 2 ~ 3 1 1  "~roposed System f o r  Surface W+ 
Inspection". See Figure  35. 

lhis permits scanning of a 16 f t .  by 16 f t .  specimen by 
automatic reciprocating carriage drive at  30 ft./min., snd 
manually indexing. 
increment of 2 it. is pract ical  f o r  this system. 

Previous tests have sham that an indexed 

A variableangle wheel sear& unit is mounted on a self-po- 
sit ioning carriw,e which follows the contour of the specimen, 
Sufficient couplant is fed t o  the TIRE to maintain optimum 
coupling 

-13- 
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Instruuentatlon coasists of the following components: 
Reflectoscoge UM-50B721 with Pulser/Receiver 5 N  
and Transigate 502550. - Note: Pulser/Receiver 5N operates at 1.0 Me, 2.25 Mc 

and 5.0 Mc. 
2nd deck - UM710 with W C  and "9" Chassis 
E deck - Single channel s t r i p  chart recorder and 
--c 

system control 

A rotating support member holds the specimen i n  glace 
for inspection. 
by rotatian of the support meaber. 

Orientation of ecan may bQcontrolled 

It is essential  that the self positioning carriage 
mounttag a variable angle wheel search unit for sur- 
face wave testing, align i t s e l f  within angular taler- 
a c e s  and maintain the distance between wheel exle 
and t e s t  specimen vlthin tolerances found i n  Step 3 , -  
Part A .  

On ei ther  flat or spherical surf'aces, this is  no real 
problem. However, in the case of an ellipsoidal sur- 
face, the various curvatures encountered may produce 
positioning error8 beyond allowable tolerances. 

The factors involved are i l l u s t r a t ed  i n  Figure 33. 

A theoretical  treatment of the problem for the specific 
case of the ellipsoid described 0x1 MSFV Drawing J-60Bl2l02 
and two wheels of a carriage spaced 8 inches apart I o  given 
on Figures 34 and 35. Thie case is taken with one wheel 
at the edge of the p la te  (coordinates 144, 96.094) where 
curvature Is maxinum, and positioning errors, as referred 
to  a setup on flat plate are also nwudrnm. 

Maxkmm errors so derived, are compared here w i t h  toler- 
ances determined experimentally: 

Compression of t i r e  0.024 inch a c e  - + 0,050 Inch* 
Theoretical Values Experimental Tolcr- 

- 
4 0.5 d e g r e e  - Angle of t i r e  0.28 min. 

* for 2.25 Mc Wheel 
* fo r  5.0 Mc Wheel 

-14- 



The theoretical values fall w e l l  w i t h i n  minimum experimental 
tolerances. 

Tksts conducted inidcate that use uf 8 search unit Calsh 
25 feet in length, as required by the s w i n g  s y s t e m ,  
reduces operating eens i t iv i ty  bel- levels ootafntd with 
a 6 f t .  k in. cable length by sucn 8mtl.l amount8 that 
campensation can etuily be made by increased instmmnt 
rene i t iv i ty  settlnga. See Figure 16. In these tea ts  
the hi&iest i n e t m n t  sens i t iv i ty  setting wed was 1 x 1; 
whereas a ~llaximum setting of 10 x 10 or an increase of 
100 ticnes, is available. 

. 
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VI CONCLUSIONS 

1. The "Proposed System for  Surface Have Inspection" described 
i n  Section V of this report i s  suitable f o r  scanning aluml- 
nuin plate  or formed panels of smooth cont0-J approxiorately 
16 feet  by 16 feet  i n  t i e  thickness w e  of 0.09i t o  1 inch 
and contoured t o  approximately 33-foot spherical diameter; 
o r  specifically the convex surface of a %""_3, AFS;-UPPE3 
H"m OXIDIZEH TLW for  the Saturn S-1C-T assembly. (See 
MSFC Drawtng J-60E12102. ) 

2. The t i m e  required f o r  inspection of a 16 2. by 16 f t .  
specimen with a surface wave beah i n  a single azimuth i s  
determined by the automtic carriwe scan rate of 30 f%./ 
an., t h e  lndcxing I n t e n d  of 2 feet, and the  period for 
each Indexing operation of 15 seconds. 

Time per scan . . . . . 32 seconds 
Number of' scans . . . . 8 
scanning t i m e  . . . . 256 
IndeAng tlme . . . . 120 
Total inspection t i m e  376 seconds 

Specimens smaller than this maximum size would, of course, 
require shorter i n spc t ion  times. indexing i r t s rva l s  smaller 
than 2 feet may be ueed i f  required. 
of signals appearing i n  each scan. 

A tape record is made 

3. The surface wave inspection rnetbad I s  very directional. 
Variation in test notch orientations in t he  range of 4 0.5 
degree reduces 8 reflected si& amplitude 105 below-its 
-mum value. 

In  practice, material flaws, as reflectors, are commonly 
found t o  encoxpass a much wider angular range than th is  and 
therefore a re  more easily detected than a machine-cut notch. 

Initial t e s t s  of a specimen should be conducted with the 
"Rotating Support Member" adjusted so that the most probable 
orientation of natural flaws is  normal t o  the surface-wave 
beam direction. 
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4. 

5 .  

6. 

7. 

0. 

Surface nves  can exist In specimen materials of not less than 
the follaring th lchesses :  

Experimental surface-wave tests show that-urface features on 
the side oppoalte the tes t ing side seriously interrupt the  
beam when laaterial thicknesses ere belaw the  folluwing values: 

I 

Swi8ce-wsve t e s t s  on specimen material indicate that signals 
of sufficient amplitude fo r  the reliarble operation of a 
recording system are produced by notches of the folloving 
depths in the distance range of 2 1/2 t o  25 Inches. 

C n l y  srrall differences were Observed i n  t h e  re la t ive  attenua- 
t ion of surface wave propagation In specimens of t w o  materials 
having f ive different finishes. 

EqualizatLon of t es t ing  sensi t ivi ty  can easily be accq l i shed  
for the several material conditions by s m a l l  adjustments of 
the Reflectoscope "Sensitivity" control. 

The Metance-Araglitude-Correctim (DAC) module prwides arqli- 
tude correction to within a tolerance of 4 5% for surface wave 
signals reflected from a given t e s t  notch-throughout the follow- 
ing  m e e  in specimen mster ia l :  

Distance 
Range - Inches 

__c__ .__ - -I  ^ - - -  .- _- I -- - ..-- i pie& MC 



9. A surf'ace wave inspection method applied to the side of a speci- 
m e n  containing m ~ n y  bosses, r ibs ,  slots, or holes results i n  
very irregular screen petterna. 

In such caees, automatic inspection i s  limited to clear areas 
large enough to accomaodate the self-poslticming carriage; 
and further, to scanned areas betveen the t i re  of the secsr;ch 
unit and the first abrupt break i n  contour encountered by the 
surface-wave bean. 

In the case of speaimens havlug only a few sucn interfering 
surface features, automatic inspection results :an be inter- 
preted by "reading out of the record" signals kuom to  come 
from these normal features. 

13. A shear-wave infipectlon method applled to either side of a 
speci~lek containing Irregular surface features an one or 
both sides results in Irregular screen patterns. 

-- 



VI1 

The feaslbility of using an ultrasonic w.rface-wave system f o r  t h e  
inspection of S'IVZ4 structural  componmts has been demonstrated 
i n  a series of t e s t s  on mall area specimens con ta in iq  controlled 
simulated defects. 

The following steps are now recormneuded: 

1. 

2. 

3. 

4. 

5 .  

Canplete desim of t h e  automatic ultrasonic Inspection 
system i l lu s t r a t ed  i n  "Proposed System for  Surface 
Wave Inspection", Q e r r y  Products Drawing 52~311. 

Construct t h e  l'Systen'' i n  aceon??r,ce with f ina l  design. 
I n s t a l l  instrument package as described on Sperry 
Products Drawing 52D311. 4 

Prepare "R.otating Support Piember". 

Prepare ultrasonic reference pla te  as shorn i n  Figure 37. 

Use completed "System fo r  Surfece dave Inspection" in 
performing the following t e s t s :  

a) Detect and record Simulated defect6 In full s ize  
specimens i n  static tests (automatic drive turned 
off). 

specimens i n  dynamic t e s t s  (automatic h i v e  turned 
a). 

\ 

b) D e t e c t  and record simulatd defects In full s ize  

c )  Contpare results of (a) and (b). 

d)  Detect and record natural defects i n  both s t a t i c  
and dynamic tests .  Compare results.  

e )  14:easure s i z e  of natural defects by means other than 
ultrasonic. 
method. ) 

(Note: l'hi8 may use 8 deatmctlve 

f) Establish correlation between recorded ultrasonic 
signals from both natural and simulated defects 
and t he i r  location and size. 

g) Establish stsndard of ultrasonic operating sens i t i -  
v i ty  i n  tes t ing through the use of a reference plate. 
See Figure 37. -19- 



VI I I I U;USTRATIOMS 

t 

Specimen - P l a t e  "A" 1 
Specimen - Plates "B" m d  "C" 
Specimen - Plate%" 3 
Spechen - Plate "E" 4 

5 Specimen - Plate "F" 
Specimen - Plate "G" 6 
Graph - Incident Side .Lzsgle/Side dheel C m t h  Settings 7 
Coupling Damping 8 

9 Width Deflecticn Study 
%%eel Coupling S t u d y  1.0 Mc 10 
'heel CQupling Study 2.25 Mc u 
Wheel Coupling Szudy 5.0 i:c 12 

13 Incident - I n g l e  S t u Q  1.0 blc 
Incident w e  Study 2.25 Mc etnd 5.0 !b:c 14 

15 Besm Mrect ion Study 
S.U. Cable Length Study 16 

17 Surface Wave Vel& ty 
Velocity Measurements 
Graph - ?base Velocity/Frequency - 

Depth - Symmetrical Vades 21 
Graph - Phase Vd.ocity/Frequency - 

Depth - Asyxmetrical Modes 22 
Graph - Group VelocLty/Frequency - 

23 Deptu - Spme+,rIcai  >!odes 
Graph - G r o q  V d o c i t y / F r q u e n c y  - 

Depth - .4symt;letrical 1:odes 24 
Lamb Wave Propagation S t u d y  25 
Amplitude/Depth of Xotch Study 26 

27 Sub Surface Xotch Study 
Surface Fin i sh  Study - 1.0 b:c 28 

29 Surface Pinis t l  StuQ - 2.25 Sc and 5.0 Mc 
30 Mstance-Amplitur3e-Correction Stxdy - 1.0 blc 

Mstance-.brplitude-Correctitm Study - 2.25 Mc 
3 
32 Gating and Recording 

36 
37 

2 

18,19,= 

and 5.0 Kc 

Search U n i t  A l i g n m e n t  Study 33,34,35 
Proposed System for Surface Wave Inspection 
CaUbrati on Yes t Flate 



c 

A. Work Performed During Final Fer ld  

Durlng the final period of this project, the folloving work 
was perforned: ' 

1. Studies made as described i n  Final R e p o r t ;  and corre8- 
ponding i l l u s t r a i l o n  umber: 

8 )  Beram, MreclAan Fig.  15 
b) S.U. Cable Len,&h Fig. 16 
c )  Aruglitude/kpth of Cotch Fig. 26 

e) Surface Finish Figs. 28, 29 
d) Sub Surface Notch m3. 21 

f) S.U. A l L g n m e n t  Figs. 33, 34, 35 

2. System layout wa3 cmpleted as described in Final R e p o r t  
a d  Illustrated in Fig. 36. 

3. Reference Test Flate vas designed. See Fig .  37. 

4. The Final Project  Report vas prepared and issued. 

B. HllsAProperty 

Quantity Description 
1 Variable Angle 'heel Search U n i t  

Type SOB, Freq. 1.0 M c L ,  Size 1/2 x 1 
Style 5 0 w 3  Serial T-1719 

I Variable Angle k'hed Search U n i t  
Type SOB, F q .  2.25 M C . ~  Size 1/2 x 1 
Style SOD340 S e r i a l  T-1723 

. Variable Angle Wheel Search U n i t  
Type SOB, Freq. 5.0 ific., Size l/2 x 1 
Style  50D404 S e r i a l  T-1720 

Aluminum Specimen Plates designated 
A to C and illustrated In Mgures 1 
t o  6 inclusive of the Flnal  Report 

-21- 



f 

L- - 

11- 

* 
0.075" 4 

8 

I 

CORN 1.4t 



a 

S P E R R Y  P R O D U C T S  
DIVISION O F  ALITOMATION INDUSTRIES, INC. 

SKETCH SHEET 

.. 
-3 

4_- - - ----_-I--_" 

I---- 

fi 

c__ 

- ~ ~. - -  - .. .- - - --._ 

-7 1- 

. 

3 * 
PJ 

i 

! 
- 1  

FORM 1.41 2079 



S P E R R Y  P R O D U C T S  
DlVtSlON OF AUTOMATION INDUSTRlt.. INC. 

SKETCH SHEET 

A 

-A 
I 

. I  
:d 

.ICLl.Cn YO. 

CUIfOUU A,? 
A D D I U U  

x. 
I 

-4 

? 

I. 

CORY 1.41 



S P E R R Y  P R O D U C T S  
DIVISION OF AUTOMATIOX INDUSTRIE., INC. 

S K E T C H  SHEET 

i 
1 

a' 
;b i 

. 

1 '  

I. 

.- .. . . . -- 

- 1  
I 

FORM 1.41 



S P E R R Y  P R O D U C T S  
DIVISION OF AUTOMATION INDUSTRIC.. INC. 

S K E T C H  SHE= 

i 

I I 
c --._. _' _- . . 

, 
i 

i 
I 
f 

i 
I 
I 

t 
rc- - T' 

FORM 1.41 



S P E R R Y  P R O D U C T S  

SKETCH S H m  

DIVt810N OC A U T W A n O W  INDU.TRIDI. 1NC. 

a 

- 

f 

D 

24 

L 

‘ 3  75 
8- 





. 

I i 



"1 

O P E R R Y  P R O D U C T S  
DWlSfON O f  AUtOWAlWN INDlJWrRtPI, 1- 

SKETCH SHLEI' 

I 

0 L 
2. 

3 
4 
c I 



p-.. . 
\ A  

t -  
b '  

/ 

a 7 

S P E R R Y  P R O D U C T S  
DlVl*lO@J OF AUTOU4TMM INOUSTRIPT. INC. 

SKETCH SHEET 

0 

I 

! 2*3a I] . 
1 

I 
i , 

:i 

F O l Y  t .41 8.6 



S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DlVlSlON OF AUTOMATION INDWTRIKS.. INC. 

I I i 

. .  



S P E R R Y  P R O D U C T S  
DIVIBION OF A U T O M A W  INDUSTRIU. I W C  

SKETCHSWEET * 

i 2 -: 

FORM 1.41 e ts  



- I  

S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DIVISION OF AUTOMATION INDUSTRIES. INC. 

n 
1 

A 
4 

IrDoIo. 

m.". 1. ..a*? 



t 

3 ?  
i 
i 

' 4  
i 
f 

S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DIVISION OC AUTOMATION IWDUOTRID. INC. 

I. . -  I 



S P E R R Y  P R O D U C T S  

SKETCH SHEET 
D1VISION OF AUTOMATION INDUSTRIES. INC. 

I 

i 
L 

! 
.~ 

2 3  



S P E R R Y  P R O D U C T S  

SKETCH SHE€l' 
DIVISION OF AUTOMATIOW INDUCTR10. INC. 

I 



# 



. 

f 

S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DIVISION OF AUTOMATION INDUWrRIIP. INC. 



. 

_- 





! 

- 

. .  



I I '  

. .  
* 



01 ! 

- 

; I 

I 

*..̂ " . . I - .. ,, 

-I- 

0 u? 
0 - 

i 
I o  



S P E R R Y  P R O D U C T S  QIL~PWWO. m u  nu. 26 DIVI@ION OF AUTOMATION IMDU8TRIW. IMC. r-79QB-7- , 
SKETCH SHEET CUIQlDlll 

!d&jfi 

- - i o  
i 
I ! I  ! 

.I 

s 

. R r .  0 

. 

0 
0 
crl . 

b 

1.417 



S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DIVISION OF AUTOMATION INDUSTRIEO. INC. 

1 

I T l T U  I 

I i 
i 

I 

I 
I i ! II 

- 0  
I- 
t- 
0 
2 A 

. 
I +  

- -------I 
I 

I ,  * C '  

t 
A 
Q 

L- 9 1 
I f  'O 



SKETCH SHEET 

S P E R R Y  P R O D U C T S  
DIVI*IOW OF AUTOMATION INDUSTRIW. INC. 

I 

. . . . 

Foal# 1.41 

~ 



S P E R R Y  P R O D U C T S  

SKPTCH SHEET 
DIVISION Ole AUTOMATION INDUSTRID, INC. 



0 
t 

SKETCH SHE- 

S P E R R Y  P R O D U C T S  nu RW. 
f- - T D1VWIOW OF AUTOMATION INDU.TRIC.. INC. 

A o 0 1 0 .  

1_ 

1.417 



a 
C 

c 

S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DIViSION OF AUTOIIATlON INDUSTW-. I-. 

I '  

a 

-- 



S P E R R Y  P R O D U C T S  

SKETCH SHEET 
DIVISION OF AUTOMATION INDUOTRIU. INC. 

FILE ruc 

C U S T O I L I  

A D D R U  

T l T U  

- -- 
ZERO 

t i  



a * 

?ORY 1.41 



D 

;ch 
W I L L  REF S P E R R Y  P R O D U C T S  SKCTCHW. 

DIVISION OF AUTOMATION INDUSTRI-. INC. c .-;5e r 
CUSTOYKR S K F T C H  SHEET ASFI 
A O O U U  

. 

- 
A 6  

3 0 1  VT ' 3  e 

C 

A I V C H E S  

X = 737.499 INCHES 

Y, = - C . 7 1 5 0 7  
C A L C U L A T E D  F R O M  C C O A D I ! J A T E S  @F @ A '  A N D  ' 6 '  

Y y  = + 1 . 3 9 € l 4  
C A L C U L A T E D  F R G M  Y, ( ~ L C I J R O C A L  O F  M, r v i r H  
s I O N  C H A N C E L I )  



S P E R R Y  P R O D U C T S  

SKD'CH SHEET 

DIVISION OF AUTDYAnON INDUSTWE.. INC. I&"tllP!?. T 
-yo. 

cusToYILI 

LSDRLQ 

h E 4 G C H  V 4 I T  A L I G N M E N T  
TITLE 

DATL DRAWN .t 

> 4 t77 mAVrd 3- 2/. - 6s- 

L I N E  -7 

C A L C U L A T C D  F R O M  C O O R D I N A T E S  OF P O l N T  ' C *  
AlLD Fi70Y S L O P E  M y  

e 

POINT *€  * C O O R D l h A T E S  F O U N D  BY SOLUTlOlV  OF S I M U L T A N E O U S  
E : V U A T I O / v S  t 

i 
X 1 4 0 . 7 6  WHEN - 1 4 3 .  76 

5 = 1 9 6 . 8 8 0  

- -  

P C S I T I O N I N G  
* H  ' 

I 
I F e 1 4 4  * 2 5 . 9 5  

1 

FORM t.41 



a 

DIVI8tON OF AUTOMATION INDUSTRIES. INC. 

SKETCH SHE= c r a w u  
M F t . 5 A  

* D D u .  

. 

n 

I 



t I 

I 



I 



3 



--- 



V I ... 
I I 

. - _-*- -. 

N O T E  .' 

a' 



i 
i 

L 

i d  36 

e 

t 




